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Abstract
The software development industry has gone through major changes
these last years with more focus on agile and test driver development
methodologies. This has made the daily life of programmers vastly different
from how students typically learn programming at university levels. To
accommodate for this discrepancy, this paper introduces an end-to-end
method and tool-set for teaching software development with agile and test-
driven focus. The students will in their learning environment work with the
same type of tools and methods used by the industry, making them familiar
with test driven development during their studies.

In the proposed solution, the teacher works as a master by providing
tests for each assignment the students need to carry out. Subsequently, each
student commits their code to a git repository, builds their solution at a central
server and runs the corresponding tests. They get automated responses on
whether they have carried out their assignment correctly or not.

The solution is tested out successfully by students and teacher, and is on
the verge of being deployed in a real teaching environment.

1 Introduction
Teaching programming classes is virtually unchanged since the introduction of software
engineering at university level. Typically, the teacher lectures on a subject and the
students carry out related assignments. Whenever the teacher has time s/he evaluates the
assignments and provide feedback. In contrast to the uniformity of university lecturing,
the industry has dramatically changed their development methodologies to better fit
customers high demands and rapidly changing requirements. Most programming students
will, when they start in the industry, work with agile and test-driven development methods
[1]. There are several problems with the discrepancy between university teaching and the
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methods used in the industry. First and foremost, the programming classes are out of
sync with the industry we are trying to prepare the students for. Secondly, all students are
required to follow the teaching pace, which typically yields a uniform pace of the class —
in a way stribing for everyone to be average. Thirdly, the students will only get feedback
on their assignments when the teacher has time to evaluate them. Thus, they are reliant
on the teacher making time available for evaluation.

The agile development process does not directly fit into traditional university
pedagogics. In a university classroom there are typically one teacher (and multiple teacher
assistants), and hundreds of students. The agile development cycle relies upon, among
others, close collaboration between those doing the programming — the students — and
those that give the task — the teacher. This is, to put it mildly, impractical with large
university classes due to the limited human resources and time. For example, a meager
five minutes of one-to-one interaction between a teacher each student in a class of 180
students sums up to 15 hours of time weekly.

This paper introduces a tool-set to bring the agile software development world into
large university classrooms. By utilizing standard industry solutions, this paper presents
an end-to-end mechanism for submitting assignments and automatically evaluating these
in a test-driven environment. This makes the students operate in an agile process,
preparing them for what awaits in the industry, as well as getting immediate feedback
on their work without reliance on teacher resources.

Outline
The remainder of the paper is outlined as following. Section 2 presents an overview
of state-of-the-art on automated student assignments and bringing agile and test-driven
development into university classrooms. Section 3 introduces an end-to-end mechanism
using agile industry tools for development. Section 4 continues with discussion on the
findings based on the presented approach and tests with actual students. The paper ends
with conclusion and future work in section 5 and 6.

2 State-of-the-art
Learning and mastering practical technical subjects, such as software development and
programming, is challenging for many students. How to best teach programming is
addressed many times in the literature. Among the most effective means of teaching
programming is one-to-one teacher/student interactions [2, 3, 4], and hands-on feedback
[5]. This enables immediate feedback on any programming task carried out by students,
including information on to what extent the program is well written or whether there are
improvement potentials in the code.

Automated student interaction
To be a good programmer, as in many other fields, students need to train in large volumes
[6]. However, due to the number of students participating in programming courses, the
“best practice” teaching approach is difficult to execute in actual university classrooms.
There are simply not enough time available for close interactions with every student.
Mitigations for this problem are available in the literature. Among others, several
interactive student tools for programming courses are proposed [7, 8]. One of the well
known examples is the tool “Independent Student Tutoring by Examining Program” [9]
. This tool was used as part of an introductory programming course, and the authors did



several double studies and reached the indisputable conclusion that students with the tool
need less help from the teacher and were able to finish their task quicker than the control
group. In fact, introducing the tool reduced the time the students spent on finishing their
task down to less than one third. Hence, they showed indisputable evidence that their
interactive tool helped students in learning programming.

Even though interactive teaching tools for programming are available in the literature,
they have profound limitations [3]. Most often the tools are kept within the university
where it is made and not made available to the public. In addition, the tools are typically
university centered, meaning that it developed specifically to interact with university
learning management systems (LMS). This means that the students become familiar with
a specialised system completely different from what they will experience in their working
career [10]. There is, to the best of our knowledge, little emphasis on making automated
student interaction tools connected with existing industrial standards.

Agile tools in teaching
Many universities teach development methodologies including the unified process and
more agile developments such as XP and Scrum. There are even universities that embrace
the agile methodologies as a pedagogical methods [11, 12, 13, 14].

One representative study on agile teaching of programming was as following [11]:
The teacher acts as a manager — similar to a scrum master — and provides the students
with a document explaining the module, a set of templates, and a zero release project.
During the project, the teacher plays an active role and evaluates each student deliverable,
both collectively and individually. There are typically many deliverables per student every
week which takes up the teachers time. In fact, the authors note that 85% of the teacher’s
time is spent on laboratory work. They further note that the total time the teacher spend
on a class was reduced by 20% by introducing their tool. The reason for the reduction is
caused by the teacher pro-actively spending time on addressing issues up front and in turn
reducing the amount of time needed to be spent answering student questions. However, it
is notably so that the amount of time spent on a class when you have one-to-one interaction
must be directly related to the size of the class. In the current study, the course was carried
out with only 25 groups. Hence, it is arguably so that the time spent by the teacher will
increase in even larger student groups.

Others have carried out case studies using agile software development for extracurric-
ular activities [15]. Among their main conclusion was that for students with little or no
programming background, which is to be expected in a lower level programming class,
too much teacher resources is spent on guiding the students.

Additionally, pair programming, which is a key aspect of the agile methods, is applied
in several studies in order to increase the programming experience [16]. This work was
motivated by the lack of constructive alignment theory in programming courses. They
found that such pair programming has a significant flaw in a teaching environment namely
that it enables the students to bypass the pedagogical intent of the course.

Several researchers have also examined agile learning environments in order to present
an agile pedagogy. This includes exploring to what extent agile learning environment
enhance the learning in programming courses and if it improves the critical thinking skills
of students [17].



MOOCs
The use of Massive Open Online Courses (MOOCs) is a trend among large and small
universities. Perhaps what gets most attention is the large well respected universities
— such as Harvard, Standford and MIT — successfully applying MOOCs in addition
to their classical education models [18]. The courses available through MOOCs
include everything from physiology to economics and introductory programming courses.
Some work exists on automated and semi-automated assessment for exercises including
software development [18, 19], but much focus is on peer assessment. In peer assessment
environments, the students are required not only to deliver assignments, but also review
and provide feedback on other students hand-ins.

Most research focus in MOOCs is on technical and pedagogical challenges [20]. To
the best of our knowledge, there is little or no work on making MOOCs industry relevant
including merging it with test-driven development methods.

Agile development tools
Many tools are used in agile development, of which the most relevant for this paper is
tools version control and continues integration.

Version control
Proper use of version control accelerates and simplifies the software development process
[21]. There is no doubt that git is the current go-to version control system, far superior to
SVN and CSV on speed and merging possibilities.

Stash is a git server that allows an administrator to create and manage project and
source code repositories [8]. The main administration page is a web interface, where each
project can have any number of repositories, and access can be managed on a per project
or per repository basis.

Build tools for continuous integration
Continues integration is that developers continuously build the software throughout the
development cycle. By using continues integration, developers will detect problems early
in the development process and thus over all increase the quality of the code. Several
build tools for continues integration exists, such as Maven, Jenkins and Bamboo [22].

Bamboo is a continuous integration server whose primary purpose is to build projects
as changes come in, and optionally run any unit tests that are defined in the project.

3 Approach
This section presents Test Centered Learning Tool (TCLT), an end-to-end method and
tool-set to provide a test-driven environment to students in university programming
classes.

Figure 1a presents the internal architecture of the system.1 For each course using
the tool-set, there are two main projects created: a Stash project and a Bamboo project
[24]. Stash and Bamboo are chosen because they are well established industry leading
software architecture tools [25, 26], they seamlessly fit the projects need for industry
relevant version control and build options, and they natively support each other.

1Part of the system already existed in a previous internal project called Fjelltools [23]. This project was
carried out in collaboration between industry and university partners.



In TCLT, users interact directly with both Stash and Bamboo. This section explains
how Stash is used to serve git repositories and combine the repositories of tests (accessed
by teacher) and student hand-ins (accessed by students) in meaningful ways. The section
continues with explaining how Bamboo is correspondingly used for the students and
teacher to build and test the application. This section rounds of with architecture specific
details.

Student                                     Teacher

Bamboo
Branches

Test Centered Learning Tool

Build Agents

Tools server

Build Server

(a) Architecture overview

Teacher Tests

Student Handins

Combined GIT

(b) git repository overview for one course

Figure 1: Architectures

Git repositories through Stash
For each course three main git repositories are created. An overview can be seen in Figure
1b:

1. Teacher-git: git repository where the course responsible commits unit tests for each
assignment.

2. Student-git: git repository where the student commits assignment hand-ins.

3. Combined git: git repository that combines the two above repositories to apply the
unit tests.

Prior to any student work, the teacher makes tests for each assignment available in
the Teacher-git. When the students carry out the assignments, they commit and push
their hand-ins to the their Student-git, which is the formal deliverables. During the build
process (see Figure 1b), the student- and teacher-git is merged in into the combined git
one branch per student. This enables testing of the student assignments without student
access to the unit tests.

An important concept is that a successful student hand-in will build successfully and
pass all unit tests given by the teacher, while an unsuccessful hand-in will have one of



more failing tests. Hence, the students can know whether or not they have successfully
carried out an assignment by simply running the unit tests. The proposed methods allows
for this to be possible with limited additional work from both the teacher and student.

Figure 2a presents a screen shot from the Stash tool as it is seen when a teacher logs
in. In this example, there are four git repositories: The teacher git (teacher), the combined
git (bamboo) and two student git repositories (perara12,verab12).

Test secrecy
Each student has his/hers own git repository per course with all course hand-ins for that
course available. This repository is considered private and only the student and the teacher
has read/write access to it. The students do not have read/write access to neither each
other’s repositories, the Teacher-git nor the Combined git.

The reason for this strict policy is that it is always possible to “cheat” unit tests . Even
though the Teacher-git does not include the solutions, only the tests, in certain situations
it can be tempting for the students to find the simplest way that will make the unit test
pass without doing the actual assignment. This can often be done by closely examining
the unit tests, and in this way by-passing the actual assignment. To avoid such problems,
the course responsible have the option of keeping not giving the students read access to
the Teacher-git. Naturally, if the course responsible desires, the Teacher-repository with
the unit tests can be made available to the students.

(a) Stash (b) Bamboo

Figure 2: Screen shots

Building process
The building process is basically compiling and testing the commited code. The procedure
is a following. The course responsible, acts as a master, and develops a bamboo build
plan, student assignments and corresponding unit tests. The build plan resembles a Unix
Makefile and include information of which git repositories to use, how to compile the
files, and so on.

After both the teacher have committed their tests and the students have carried out
the assignments, the students can build and test their hand-in through the build server
Bamboo.



Bamboo build plan
The Bamboo project consists of a plan that builds all sources code (student hand-ins and
tests), and runs the tests. By default one plan builds one branch on one repository, but this
becomes tedious if you have many different branches that needs to be built automatically.
Bamboo has a feature called plan branches, which, when enabled, automatically creates
a new plan for each branch based on a parent plan. TCLT makes use of this feature
by making the course responsible develop one plan per course, and creating one empty
branch per participating student. This giving each student their own plan branch, which
are copies of the main course plan. A script in the course uses the branch plan variable to
check out the correct repository for each student.

When a student wants to build and evaluate their hand-in, s/he enters his/hers branch,
and data from the Teacher-git and Student-git are checked out into a new combined git,
as illustrated in Figure 1b. In the combined git, each student will have a separate git
branch which is automatically created based on the student user name. Subsequently, the
build process compiles the needed files, install needed dependencies, and run unit tests on
the file. An XML-file is then created following a standard XMLUnit format. Finally, he
XML-files is parsed and presented as readable HTML for the students.

An example illustration of build plan for a basic Java programming course can be
seen in Figure 3b, and a screen shot of Bamboo with two Bamboo branches, perara12 and
verab12, is seen in figure 2.

Pass
Pass
Fail

If every test passes

If one or 
more 
tests fails

Program the 
assignemnts

Commit and 
push on git

Build in 
Bamboo

View
results

(a) Student process for handing in and building
assignment

Teacher, Student and Combined git

Pull and 
merge

Cleanup and append mockup

Compile

Static tests

Run unit test

XML

Static analysis

XML

XML to HTML

HTML

Pass
Pass
Fail

(b) Example of Bamboo build plan

Figure 3: Build plan



Student workflow
Figure 3a shows the build process from the student point of view. This is as following:

1. Do the required assignment.

2. Commit and push the files.

3. Build the hand-in (including tests from the teacher) on Bamboo (press play in the
Bamboo interface).

4. Read the results.

5. If all tests pass, you are finished with the assignment, otherwise you need to go to
the first step.

This organisation gives several benefits, among others that the students get instant
feedback on how they are doing. Further, students are not able to read the teacher git
and can therefore not cheat by knowing the details of the unit tests.

Architecture
Bamboo needs at least one agent that knows how to run the plan defined in the Bamboo
project. A dedicated server has been set up to run virtual build agents (see build server
in Figure 1a). Each hand-in is evaluated on one build agent, prevents student tests from
slowing down the tools server by for example running infinite loops. It further makes it
possible to restrict network access on the build server as a whole.

4 Results and Discussion
This section presents results and discussion on the TCLT method and tool-set. This
section starts with presenting the anticipated learning outcome, benefits and challenges
using this method, and continues with a test case for verifying TCLT. Finally, this section
analyses the results from the test case.

Learning outcome
The proposed methods, TCLT, is meant to be an end-to-end solution for students and
teachers in programming courses.

Since the method is designed with test-driven development in mind, it answers to the
need for system development students to learn about testing [27]. Because the students
work in a test-driven environment, they will implicitly be familiar with both the general
test-driven methods, as well as experience with practical tools such as version control and
build tools.

Further, due to the fact that the methods relies upon automation, student hand-ins
are automatically evaluated. From this, additional benefits emerges. The students are
able to continually interact with TCLT, as shown in Figure 3a. The students can carry
out an assignment, commit and push the code to git and build the application. If the
tests pass, they know that their implementation is correct and can continue with the next
assignment. On the other hand, if one or more tests fail, they are informed that they have
done something wrong and need to redo the assignment. This continues until all their
tests pass. Hence, the students will automatically be guided towards the correct solution.



This also makes it possible for the students to work any hour of the night without
reliance upon the teacher. The teacher may give many more assignments with little
resource increase. Because the responses are automated, there is no requirement for a
manual evaluation of the student hand-ins.

It is important to keep in mind that this automated approach does not eliminate teacher
interactions. The automated feedback will only give information on whether the solution
is correct or wrong, the students will still require teacher feedback to understand how to
correctly implement the solution.

Student tests
For testing the approach with actual students, a basic Java programming course was
used as a case. 11 students who had recently completed the basic programming course
volunteered to test the solution. The participating students had little or no knowledge of
git or Bamboo, nor programming experience beyond their completed course.

The students were allowed to use any IDE of their choice as long as they were able
to commit on git. However, detailed instructions, both textually and a video lecture,
were given to them that based itself on NetBeans. Thus, most participants choose to use
NetBeans.

The students were given two basic Java assignments each consisting of 6 smaller
assignments to complete; The first assignment was creating a simple application with
dialog boxes asking for a name, and then printing the same name. The second assignment,
shown in Figure 4 was more complex on developing an advent calendar using the Java
Swing library. The assignments were deliberately designed to be relatively easy for the
students, but still complex enough to test the tools set and their experience with it.

Figure 4: Screen shot from student hand-in

Findings and student feedback
Of the 11 students participating, only one was able to complete the task without teacher
help. A conclusion to be drawn from this is that the students will need close guidance in
the first time they use git and Bamboo.



Further, several of the students ran tests from the wrong Bamboo branch. Instead
of running their own branch, they built the master-branch. Unfortunately, this was the
branch where the teacher had pushed the solution. A direct consequence was that the
students wrongfully thought they had completed the task without problems. In hindsight,
the detailed description could easily be misinterpreted to run the wrong branch.

Some students chose to use Eclipse and egit instead of NetBeans. These students had
problems with the “fast forwarding” overwriting their solution. From their experience,
they finished the first assignment successfully. However, when they wanted to commit
and push the second assignment, they overwrote existing code. By first glance, it looked
as if the first hand-in was deleted, and they suddenly failed the first hand it. This means
that special attention on how the students use git needs to be considered.

Other than the above mentioned situations, the test was a success.

5 Conclusion
This paper presents an end-to-end tool-set, Test Centered Learning Tool, integrating
test-driven development into university programming classes. The tool-set utilizes well
established frameworks in the industry including git, Bamboo and Stash.

The tool enables students to work in industry like environments already in their
eduction. By following the proposed method, they will implicitly learn essential parts of
test-driven development from the very beginning and, as a direct bonus, receive automated
feedback on their assignments.

The student case test clearly indicates that several aspects needs to be specially
considered. For students who are not familial with version control and build tools, as
can be expected at as start of university study, there needs to be careful guidance through
the required steps.

6 Future work
The most significantly future work is that the set of tools is planned to be deployed in a
real setting. This is scheduled to happen the following semester (fall 2014).

Additional future work includes making student feedback with focus on pedagogical
content. In the current implementation, the students only get pass or fail for each
assignment. A more pedagogical approach would be to, whenever a student fails a
assignment, provide resources such as web pages, videos and chapter references. This
gives the students a concrete step forward on what to work with in order to pass the test.

There is also a plan for more advanced features, including a peer assessment approach.
This enables not only automated assessments of the student hand-ins, but also reviewing
of each others work — which is in line with agile development. In addition, work
is planned on learning each students weakness and deploying assignments accordingly.
Finally, there is a plan to further embrace pedagogical motivational techniques such
as gamification [27, 28]. The students could for example get points per completed
assignment, move on to the next level, and so on in order to motivate.
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